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Multiple Wavelength Semi-Conductor Light Source 
Norio Nishi 

Specifications 

1 . Title of the Invention Multiple Wavelength Semi-Conductor Light Source 

2. Scope of the Patent Request 

(1) A multiple wavelength semiconductor light source with the characteristics that: 
With a semiconductor laser array on which a non-reflective coat has been applied 
to one side of the light-emitting edge, a light output fiber on which a high- 
reflectivity plane has been constructed in the vicinity of the diffraction grating 
and the edge, possessing an optical combined circuit that synthesizes the 
diffraction grating spaces semi-conductor laser array, diffraction grating interval 
as well as a light output fiber, and within the semi-conductor laser array of the i- 
th order, the light resulting from the light-emitting edge on which the non- 
reflective coat of the semi-conductor laser has been applied is incident to the 
diffraction grating, and that diffracted light converges on the high-reflectivity 
plane of the light output fiber end vicinity, part of that optic electricity is reflected 
in the opposite direction and once again is incident to the diffraction grating, and 
at the same time that the diffracted light converges on the light-emitting end 
where the non-reflective coat of the i-th order semi-conductor laser has been 
applied, part of the diffracted light that has converged onto the high-reflectivity 
plane permeates and is combined with the light output fiber. 

(2) The afore-mentioned multiple wavelength semiconductor light source in the 
requested scope of Section 1, with the characteristics being that the optic 
combined circuit is a collimating lens, and the diffraction grating is a planar 
diffraction grating. 
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(3) The afore-mentioned multiple wavelength semiconductor light source in the 
requested scope of Section 1 , with the characteristics being that the light- 
combined circuit is, at the same time the light combined circuit is combined with 
each outputted light relative to each light-emitting edge where the non-reflective 
coat of the semiconductor laser has been applied, the 3-D waveguide path array 
that is changed to a fixed waveguide path interval from the semiconductor laser 
array waveguide path interval, as well as the slab waveguide path that follows 
this, and the diffraction grating is the curved diffraction grating constructed on 
the edge of the slab waveguide path, the light output fiber is created on die slab 
waveguide path edge located on the Roland circle of the curved diffraction 
grating along with the edge where the 3-D waveguide path array pitch has been 
changed. 

3. Detailed Explanation about the Invention (Field of the Invention) 

This invention concerns the multiple wavelength semiconductor light source, and more 

specifically, deals with multiple wavelength semiconductor light sources that excel at 

temperature stability with a small shape. 

The Present Technology 

Multiple wavelength light sources are an indispensable part of the wavelength multiple 
transmission system. As far as the present wavelength multiple transmission systems, 
they are created using multiple semiconductor lasers that possess differing radiated light 
wavelengths and optic elements to align wavelength, but in this construction, it is 
difficult to control with high precision the radiated light wavelengths of the individual * 
semiconductor lasers in the manufacturing step, so it has been impossible to achieve 
wavelength intervals less than 20 nm without sacrificing high yield. Also, since they use 
individual semiconductor laser chips, there has been the problem that the fabrication 
processes increase in proportion to wavelength multiplication. In order to resolve this 
issue, people have constructed multiple activated waveguide paths within the same 
semiconductor substrate, and by constructing diffraction gratings with different 
periodicities on each waveguide path, monolithic accumulative-model DFB laser 
experiments were attempted that achieved multiple adjacent radiated light wavelengths. 
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For instance, Okuda, et al, in JJAP Vol 23, pp L904-L906 (1984), showed the results of 
their experiment with the 5 wave accumulative GalnAsP DFB laser, where they 
continuously oscillated 5 elements simultaneously in an area of wavelength 1.3 
micrometers and where they confirmed the laser oscillation of the 5 wavelengths at 
approximately 5 nm wavelength intervals. However, the radiated light wavelength 
temperature coefficient was reported to be approximately 0.1 nm/dey, this is, in 
comparison to the approximately 0.5 nm/dey radiated light wavelength temperature 
coefficient of the current Fabry-Perot model GalnAsP semiconductor laser, a reduction to 
1/5 the value, and in the temperature scope of 50° C, fluctuations of the 5 nm radiated 
light wavelength appear, so when the radiated light wavelength interval is 5 nm, the 
signal will be coupled in an adjacent channel on the receptor side. Furthermore, when 
using an accumulative-model DFB laser, it is possible to shrink the wavelength interval, 
but the control technology concerning that absolute value is still not complete, and it is 
difficult to obtain absolute wavelength precision less than 5 nm. As a method to resolve 
this difficulty, it is thought that a semiconductor laser that uses a highly stable outer 
resonator could be used. Many people have attempted experiments to obtain laser 
oscillation by applying an AR coat on the light-emitting edge of one side of the 
semiconductor and restraining Fabry-Perot-mode oscillation, and then combining to this 
an outer resonator that possesses wavelength selectivity. For instance, J.A. Rossi et al 
reported in Appl. Phys. Lott. Vol. 23, No. 1, 1 July 1973 pp. 25-27, experiments using a 
wavelength variable semiconductor laser, in the vicinity of a radiated light central 
wavelength of 0.89 nm in the area of approximately 10 nm, by lens-combining a 
diffraction grating that possesses 1 208 pieces/nm gutters and a Al x Gai . x As/GaAs SH 
laser where an AR coat has been applied on one side. Concerning this report, since the 
diffracted light is directly returned to the semiconductor laser from the diffraction 
grating, if multiple wavelength light sources are constructed using this method, coupling 
will appear between different semiconductor lasers and independent oscillation becomes 
impossible. Figure 3 is an example of a multiple wavelength semiconductor light source 
analogous to current technology, where 1 is the semiconductor laser array, 2 is the light- 
emitting edge with the AR coat, 3 is the light-emitting edge without the AR coat, 4 is the 
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collimating lens, 5 is the diffraction grating, 6 is the output fiber and 7 is the output fiber 
edge. 

As in Figure 3, the light emitted from the light-emitting edge 2-i, on which the i-th order 
semiconductor laser non-reflective coat within the semiconductor laser array 1 has been 
applied is converted to a parallel luminous flux by the collimating lens 4, and is incident 
at an angle of 9j to the normal of the diffraction grating 5, and similarly if it is diffracted 
at an angle 0, then it will return to the light-emitting edge 2-i, and laser oscillation at a 
wavelength A, will be possible. At this time the conditions of the first equation must be 
met. 

Equation (1) 

Here a is the grating constant of the diffraction grating and the diffraction degree is 
assumed to be 1 . Similarly, the light emitted from the light-emitting edge 2-j on which 
the j-th order AR coat has been applied is incident to the normal of the diffraction grating 
5 at an angle of 6,. and if it is diffracted at the same angle 6j, then it will be returned to the 
light-emitting edge 2-j, and that laser oscillation wavelength A, will be determined by the 
second equation. 
Equation (2) 

Incidentally, when the light emitted from the light-emitting edge 2-i is incident to the 
diffraction grating at an angle 0„ when it is diffracted at an angle dj, the wavelength will 
be determined by equation 3. 
Equation (3) 

This diffracted light is reflected by the light-emitting edge 3-j on which the 
semiconductor laser 1 -j AR has not been applied, and since it will be emitted from the 
light-emitting edge 2-j on which no AR has been applied, it will be incident to the 
diffraction grating, and the light of the wavelength that fulfills Equation 3 will be re- 
diffracted at 0, and will return to the semiconductor laser 1-i. In other words, the 2 
individual lasers 1-i and 1-j will be combined, and it will be possible to oscillate the • 
wavelength XJ)I2. Similarly, there is the possibility of generating laser oscillation that 
is combined for all of the individual lasers within the semiconductor laser array 1, and we 
cannot expect each laser to oscillate stably and independently. 



4 



Goal of the Invention 

This invention solves the afore-mentioned problems, and offers a highly stable multiple 
wavelength semiconductor light source. 



Structure of the Invention 

This invention has as its most important characteristic that it can obtain laser oscillation 
at multiple wavelengths by combining an outer resonator on which a semiconductor laser, 
where on one side of the light-emitting edge an AR (non-reflective) coat has been 
applied, has been combined with a diffraction, grating and a reflector. Whereas up until 
now, the diffracted light was returned directly to the semiconductor laser from the 
diffraction grating, with this invention, the reflected light will be received by a reflector 
that reflects it in the opposite direction, and the diffracted light will be reflected by this 
reflector to again be incident to the diffraction grating at an angle equal to that of the 
diffraction, and when the diffracted light is again returned to the semiconductor laser, and 
the adjacent semiconductor spacing goes through the diffraction grating without mutually 
combining, it is possible to independently obtain stable oscillation. 

Explanation of Experiment Examples 

Figure 1 is an example of the first experiment with this invention. 8 is the semiconductor 
laser array, 9 is the light-emitting end on which the AR (non-reflective) coat has been 
applied, 10 is the light-emitting end on which the AR (non-reflective coat has not been 
applied, 1 1 is the collimating lens, 12 is the diffraction grating, and 13 is the output fiber 
made with a high reflectivity film on its edge. 

The semiconductor laser array 8 deposits a two-layer Si02 film on the end of a Ga x Ini. 
xAsyPj.y/InP BH model 2-element laser array that has a radiated light wavelength of 1 .3 
micrometers, and used a reflectivity of approximately 10^. The array pitch is 300 
micrometers. The collimating lens 1 1 is f=72 mm, and in order for the reflectivity to be 
below 1% in the vicinity of 1.3 micrometers, we applied an AR (non-reflective) coat to . 
both sides. The diffraction grating 12 uses a grating spacing of a=2.5 micrometers, a 
blaze wavelength of 1 .3 micrometers and a blaze angle of 1 5. The output fiber 1 3 uses a 
spot-size of 5 micrometers, and a single mode fiber with outer diameter 125 micrometers 



where due to multiple layers of SiC>2 and Ti02 on the edge, a highly reflective layer has 
been created with reflectivity of 0.9. 

The following is an explanation of a summary of the operations of the experiment in 
Figure 1. 

The light emitted from the edge 9-1 on which the semiconductor laser 8-1 AR (non- 
reflective) coat has been applied is converted by the collimating lens 1 1 to a parallel 
luminous flux, and is incident to the normal of the diffraction grating 12 at an angle of 8i . 
The light of wavelength X\ passes through the collimating lens 1 1 at an angle and 
forms an image on the end of the output fiber 13. 90% of the light at the edge of the 
output fiber is reflected, and after being converted to a parallel luminous flux by the 
collimating lens 1 1, it is again reflected to the diffraction grating 12 at an angle 8i\ and 
being diffracted in the direction of the emitted angle 0i, it passes through the collimating 
lens to become an image on the end 9-1 on which the semiconductor laser 8-1 AR (non- 
reflective) coat has been applied. The light imaged on the edge 9-1 propagates through 
the activated waveguide path, and amplified, it is reflected on the end 10-1 on which the 
AR (non-reflective) coat has not been applied to arrive at the end 9- 1 . As explained 
above, the outer resonator of the wavelength selectivity, created due to the diffraction 
grating and the reflector on the end of the output fiber, and the semiconductor laser 
amplifier where the AR (non-reflective) coat has been applied one side are combined to 
obtain laser oscillation of wavelength X\. Similarly, the light emitted from the end 9-2 
where the semiconductor laser 8-2 AR (non-reflective) coat has been applied is incident 
to the diffraction grating at an angle of 0 2 , and diffracted at an emitted angle of 6i\ it is 
reflected to the end of the output fiber 13, and returning to the semiconductor laser 8-2, 
oscillation of the wavelength X2 is obtained. At this time, the conditions to obtain laser 
oscillation of wavelengths X\ and ^2, as well as the conditions for oscillation of the 
semiconductor laser 8-1 and 8-2 at wavelength X3 through the diffraction grating are 
calculated using the diffraction degree as primary in the following three equations. 
Equation (1) 
Equation (2) 

Equation (3) . - . 

Here, the benefits of the semiconductor laser 8 can be obtained. 



When the minimum and maximum are set at )^\ n and A^ax, 
Equation (4) 

By selecting the conditions, it is possible to prevent the oscillation of the mode in (3). 
Here, 0 max and 8 m j n can be calculated from the following: 
Equation (5) 
Equation (6) 

In this experiment, we set = 1290 nm, W - 1310 run, and 9i = 14°, 9 2 = 14.23 6°, Of 
= 16.026°. Here, the following relationship is developed for the semiconductor laser 
array pitch P and the collimating lens focus distance f as well as 9i, and 82, 
Equation (7) 

From the above relationship, as laser oscillation of X\ = 1,295 micrometers, 1,305 
micrometers is obtained, we were able to obtain an aligned output light of both 
wavelengths from the output fiber. 

Figure 2 is the example of the second experiment of this invention. 14 is the 
semiconductor laser array, 15 is the light-emitting edge on which the AR (non-reflective) 
coat has been applied, 16 is the light-emitting edge on which the AR (non-reflective) coat 
has not been applied, 17 is the light waveguide path array pitch converter, 18 is the slab 
waveguide path, 19 is the curved surface diffraction grating on the edge of the slab 
waveguide path, 20 is the output fiber constructed on the edge of the high-reflectivity 
film and 21 is the waveguide path substrate. 

The operation is the same as for the first experiment. Since the current semiconductor 
laser array pitch generally requires greater than approximately 300 micrometers from the 
restrictions on the radiation device, in this experiment we created an array pitch 
converter, and reducing the wavelength interval, we attempted the miniaturization of the . 
angle dispersion model outer resonator. In this experiment, we converted a 300 
micrometer semiconductor laser array pitch to a 20 micrometer array pitch. The light- 
emitting edge of the array pitch converter 1 7 as well as the edge of the output fiber 20 are 
placed on the Roland circle of the curved surface diffraction grating 19, and by setting the 
grating interval of the curved surface grating to a=l .25 micrometers, n° = 2.3 and the 
curved radius (Roland circle. radius) to R=l 1 .2 mm, we were able to obtain laser . 
oscillation of 1292.5 nm, 1297.5 nm, 1302.5 nm, and 1307.5 nm. 
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As explained above, in the two experiments, after applying the AR coat on the light- 
emitting edge combined with the outer resonator of the semiconductor laser array, and 
though we did not apply the AR coat to the other edge, it is obvious that if we did apply 
the coat on the high-reflectivity film, it would be effective in the reduction of the 
oscillation current. 

Efficacy of the Invention 

As explained above, with this invention, we obtained multiple wavelength laser 
oscillation by combining a semiconductor laser array where an AR coat has been applied, 
and an outer resonator of the wavelength selectivity that uses a diffraction grating and a 
reflector. However, by calibrating the angle and position of each part of the structure in 
order to fulfill the requirements of Equations (4) through (6), it is possible to obtain stable 
oscillation without creating coupling between each laser within the semiconductor laser 
array. 

4. Simple Explanations of the Figures 

Figure 1 shows an explanation of the first experiment with this invention. 
Figure 2 shows an explanation of the second experiment with this invention. 
Figure 3 shows the multiple wavelength semiconductor light source in current 
technology. 
In the figures: 

1, 8, 14 are the semiconductor laser array 

2, 9, 15 are the light-emitting edge where the AR (non-reflective) coat has been applied 

4, 1 1 are the collimating lens 

5, 12 are the diffraction grating 

6 is the output fiber 

7 is the edge of the output fiber 

1 0, 1 6 are the light-emitting edge where the AR (non-reflective) coat has not been 
applied 

1 3 is the output fiber that has the high-reflectivity film on its edge 
1 7 is the array pitch converter of the optic waveguide path 



18 is the slab waveguide path 

19 is the curved surface diffraction grating created on the edge of the slab waveguide 
path 

20 is the output fiber that has the high-reflectivity film on its edge 

21 is the waveguide path substrate 
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Abstract 



PURPOSE:To obtain a highly stable multiple-wavelength semicouductor light source, by coupling a 
semiconductor laser array, in which a reflection less coating is applied on a light emitting end surface on one 
side to an outer resonator, in which a diffraction grating is combined with a reflector, and obtaining laser 
oscillations in multiple wavelengths. ~ . ' 

CONSTITUTION:Light is emitted from an end surface 9-1 of a semiconductor laser unit 8-I, on which an AR 
(reflectioniess) coating is applied. The light is inputted to a diffraction grating 12 at an angle thetal with 
respect to the normal line to the grating 12 through a collimating lens II. Light having a wavelength #1 1 
passes the lens II at a diffraction angle theta'1, and an image is formed at the end surface of an output fiber 
13. At the end surface of the fiber 13, where a high reflectivity layer is provided, 90% of the light is reflected 
and inputted again to the diffraction grating 12. Thelight is diffracted in the direction of the output angle 
thetal, propagated in an active lightguide, and amplified. The light is reflected by an end surface 10-1 and 
reaches the end surface 9-1. Thus laser oscillation at the wavelength #1 1 is obtained. By the same way, 
light, which is emitted from an and surface 9-2 of a semiconductor laser unit 2, on which the AR coating is 
provided' is inputted to the diffraction grating 12 at an angle theta2. The light is diffracted at an output angle 
theta'l , and laser oscillation at a wavelength #1 2 is obtained. 
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